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Abstract: In Tanzania, the increasing population coupled with climate change amplifies issues of food
insecurity and negatively impacts the livelihoods of smallholder farmer households. To address these
issues a range of water conservation techniques (WCTs) have been useful. However, the adoption of
these WCTs in Tanzania has been limited due to many reasons. With the objective to better understand
and identify the factors that significantly influence the adoption of WCTs in Tanzania, the study uses
survey data from 701 smallholder farmer households and a bivariate logistic regression, to provide,
for the first time, a comprehensive model for the adoption of WCTs in Tanzania that includes a
range of individual, household, socio-economic, and farmer perception related variables (factors).
The evaluation shows that 120 farmers (17.12%) adopted WCTs and finds the farmer perceptions of
rainfall instability, household wealth, and food security to be crucial. The results suggest that policy
interventions should encourage conservation behavior (especially when the rainfall is perceived to be
uncertain), emphasize the economic and food security-related benefits of adopting WCTs, include
strategies that make adoption of WCTs attractive to female-led households, attempt to reach greater
number of farmers via social networks and provide better access to public funds for farmers.
Keywords: decision-making; logit regression; farmer perceptions; social networks; public funds;
water conservation adoption
1. Introduction
Owing to the topography and the changing climate, Sub-Saharan Africa (SSA) continues to face
issues of food and water insecurity. Here chronic food insecurity, including the threat of famine, as
well as malnourishment remains endemic. The most vulnerable are the small-holder farmers in rural
areas where agrarian dependency and sensitivity to climate fluctuations are greater [1].
Tanzania, a predominantly agrarian economy, is one of the fastest-growing economies in SSA,
but economic growth has not equally benefited all areas of the country [2]. Agricultural production
accounts for nearly half of Tanzania’s GDP [3], but rural areas, in particular, remain underdeveloped,
productivity in agriculture lags and resources to improve the agricultural sector are needed [3–5].
Agriculture in Tanzania is predominantly rain-fed and directly dependent on annual rainy seasons [3].
A close relationship between variations in the amount of rainfall and economic growth is observed by
various studies in Tanzania [3,6,7].
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The high dependency on rain-fed agriculture is significantly impacted by the variability of rainfall
(amount and distribution) in Tanzania [8]. These issues of high fluctuations in rainfall often manifest as
droughts, famines, and floods, severely impacting the livelihoods and food security of the small-holder
farmers [9–11]. For example, in Tanzania droughts and floods have been reported to cause failure
and damage to crop and livestock leading to chronic food shortages [9–11]. The studies conducted
by [7,12] revealed that changes in rainfall patterns and amounts have and are predicted to lead to loss
of crops and reduced livestock production. The agricultural sector suffers an estimated $200 million in
average annual losses because of weather-related incidents, particularly drought. In 2017, aggregate
food prices increased by 12% due to drought-related food shortages. Another drought in 2009 resulted
in the mortality of 80% of livestock in northern Tanzania [5]. Such extreme weather-related events and
variable rainfall severely undermine the local and national development goals, and are predicted to
continue to amplify issues of food security in the region [13].
Furthermore, in Tanzania the agriculture sector uses the vast majority of water resource available.
Agriculture accounts for around 89% of total water used in Tanzania, which is high against a global
average of 70% [5]. This makes water a critical input for Tanzania’s economy, which heavily relies
on the performance of the agricultural sector. In such a scenario of high dependence on agriculture,
variability of rainfall and increasing demand for water, the adaptation measures towards ensuring
water availability on farmland become critical. Water conservation methods seem to be effective for
food security and reducing poverty in Tanzania [14]. A study by [15] found evidence of increased
crop yields and long term financial profitability in the West Usambara highlands of Tanzania due to
adoption of soil and water conservation technologies (WCTs). Another study by [16] in a semi-arid
region of Tanzania showed that there is scope to improve grain yields, with the little available rainfall,
through the adoption of techniques that promote water availability and retention within the field.
In this context, WCTs are imperative for better agricultural production and food security in Tanzania.
Several efficient WCTs have been developed and utilized by farmers in the last decades. However,
the adoption of these WCTs remains low in Tanzania [17,18]. The reasons for this are many and vary
location to location. Relatively little work has been done to examine the adoption of WCTs at the
farm and household levels in Tanzania. A study by [17] presents a model for farm-level adoption of
soil and WCTs in the West Usambara highlands of Tanzania, with a focus on socio-economic factors.
A study by [19] emphasizes the role of institutional and economic factors for the adoption of soil and
WCTs in the semi-arid areas of Tanzania. Another study by [18] concludes that better agricultural
water management can be achieved in Tanzania by matching adaptation measures to the farmers’
local conditions. As study by [20] suggests a need for formal integration of sociologic, economic,
and psychological variables in the adoption models. Whereas [21] argue that many factors affect the
adoption decision, which may be determined by the historical, political, ecological, socio-cultural, and
economic conditions. In this sense most adoption studies are limited and a comprehensive model to
study adoption of WCTs at the household level in Tanzania does not exist and often focus on one or
two dimensions (individual, household, social, economic, technological, environmental).
Furthermore, we found no adoption studies that included farmer perceptions, along with
individual, household, and socio-economic factors, to explain the adoption process of WCTs by
smallholder farmer households in Tanzania. The studies by [22,23] strongly argue to expand the
range of independent variables used in the technology adoption models, and to include variables
representing a farmer’s subjective perceptions along with the more standard individual, household, and
socio-economic variables. In [24], a strong case is made for a better and comprehensive understanding
of farmer perceptions and associated constraints for the design and promotion of soil and WCTs.
The authors suggest that the decision of a farmer to invest in soil and WCTs is influenced by the
perceptions of the farmers, which, in turn, is driven by a range of institutional, socio-economic,
biophysical, and attitude related factors.
Similar to [21,24], we argue that adoption studies that include farmer perceptions, along with
other individual, household, and socio-economic conditions are useful for understanding the adoption
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of WCT and may guide management and policy interventions better than one-dimensional adoption
models. Therefore, the study takes a broader approach and provides a framework for analysis
that includes a wide range of factors that reflect the individual, household, and socio-economic
characteristics of the farmers, along with factors that reflect farmer perceptions. The study poses two
research questions:
1. What is the adoption level of WCTs?
2. What are the most significant variables (factors, drivers of adoption) associated with adoption of
“water conservation technologies” in Tanzania?
The study contributes first by adding to the very limited literature on the adoption of WCTs
by smallholder farmer households in Tanzania. Second, the analysis provides new evidence on the
significance of factors related to farmer perceptions for the successful adoption of WCTs and its
relevance for policy. Third, it includes a wide range of factors (individual, household, socio-economic)
that may influence the adoption of WCTs, which allows the study to be adapted easily. Hence it provides
a unique dataset, discusses implications for the adoption of WCTs from a unique multidimensional
perspective, and provides a starting point for policy interventions to better manage adoption of WCTs
amongst smallholder farmer households.
2. Literature Review
2.1. Definition of Adoption
Adoptions are the processes governing the utilization of innovations. Innovations are defined
here as new methods, customs, or devices used to perform new tasks [25]. In defining “adoption”, the
study considers adoption to be a dichotomous variable [26]. A farmer is defined as an adopter if he or
she has one or more WCTs implemented and functioning [27] at the time of the survey. The WCTs, as
reported by the farmers, referred to here, include rooftop rainwater harvesting (RWH), micro-dam
surface water runoff collection, on-farm runoff water harvesting (planting pits, furrows), and diversion
of water (spate irrigation) (Appendix A). The farmers based on relevance for their agricultural systems
selected these four WCTs. For the purpose of this study the adoption of any of these four WCTs was
considered as adoption.
2.2. Adoption Models
The study considers the three adoption models—innovation diffusion model, economic constraints
model, and user context model—proposed by [28]. The innovation diffusion model follows the work
of [29]. The economic constraints model emphasizes that the resources the potential adopter have,
often determines their adoption behavior. The user context model assumes that the potential adopter’s
agro-ecological, institutional, and socio-economic factors drive adoption behavior [28]. In line with the
objectives, the economic constraints model and the user-context adoption model are of particular interest.
The models allow for inclusion of the variables related to resources available and the seldom-studied
perception of an individual farmer regarding their socio-economic status and environment. The models
signify the role of farmers in the adoption process.
2.3. Variables
In general, literature shows adoption of WCTs to be a function of a multitude of variables (factors),
which differ study to study. Based on the economic constraint and user-context adoption models,
for the study, it is assumed that adoption behavior (action) is influenced by individual, household,
socio-economic characteristics, and perceptions of the farmers. Each of these factors is assumed to
influence the adoption process.
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2.3.1. Individual and Household
Age, health, gender of the head of the household, education, ability to read and write, and
risk-taking attitude have been shown to be associated with adoption in numerous studies [30–35].
Most studies that have examined age as a determinant of water conservation have found that older
people are more likely to be water conservers [36–38]. Poor health acts as a constraint and may
result in low adoption rates of WCTs, since households may lose important labor due to illness [39].
Most studies show the gender of the head of the household to be positivity related (i.e., male-headed
households are more likely to adopt new agricultural technologies compared to female-headed
households) [40,41]. Inconsistencies emerge from the research investigating the impact of education
on water conservation behavior. Some researchers report a positive relationship between education
and water conservation [42–44]. Other researchers show an inverse relationship. In particular, they
found that it is less educated individuals that show both more water conservation behavior and higher
water conservation intentions [36,38]. Generally the ability to read and write allows the adopter
access, comprehension, and deliberates the consequences of adoption of WCTs. As argued by [45], risk,
uncertainty, and learning play a number of distinct roles in the process of adopting new technologies.
Studies show risk aversion to be an important factor affecting adoption [46]. A few studies have
found adoption to be strongly related to geographic location [39,47]. Household size facilitates the
division of labor, investment, knowledge sharing, awareness, and experience required for the adoption
process [48–51]. Household water consumption is inversely related to adoption [52] and there is a
positive relationship between the number of residents and water use [36].
2.3.2. Socio-Economic
A wide range of social and economic parameters impact adoption. Social networks on the
household level are important to adoption. They can be seen as a process of imitation of behavior,
wherein contacts with others led to the spread of technology [53,54]. Social ties within and outside
an organization provide extensiveness, quality, and diversity that may drive adoption behavior [55].
Several studies have found social networks to positively influence the adoption process [39,56–61].
Wealth and differential access to capital are often cited to explain different rates of adoption of WCTs.
Credit constraints tend to negatively impact the adoption of WCTs, especially if a capital investment
is required. Adoption behavior may not be affected by credit constraints if the adopter has other
sources of finance, such as access to microcredits, public funds, and/or own savings [39,52,62–64].
Pieces of land owned or used by small-scale farmers (land fragmentation) could be a determinant of
the adoption of land, soil, and water conservation measures [30]. Ownership of more pieces of land
is associated with greater wealth and the increased availability of capital resources, which increases
the likelihood of farmers making investments in land, soil, and water conservation measures [65].
Farm size is often cited as a crucial variable that impacts the adoption of agricultural technologies [66].
While some studies found a significant relationship between farm size and tractor adoption [67], others
found no relation at all [68]. Literature shows a negative and significant effect of reliance on off-farm
employment by poorer population segments. Higher opportunity costs of household labor are realized
with the increased availability of off-farm work [52,69]. Results from studies that examine income
stability as a determinant of water conservation behavior are consistent [63,70]. Research generally
shows that individuals with a stable and/or high income conserve more water [71].
2.3.3. Farmer Perceptions
The diversity of activities, experiences, and observations from the past shape perceptions
and influence actions. People’s perception of climate change, the environment, and change in
rainfall influences their level of concern, which affects their motivation to act [72]. In line with this
assumption, some studies indicate that concern about climate change increases consumers’ willingness
to modify their behaviors [73]. The study of [74] sought to identify the relationship between specific
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knowledge of environmental problems and water conservation behavior, finding that individuals who
reported greater awareness of environmental problems also reported greater conservation actions.
Environmental knowledge has predictive power in terms of pro-environmental behavior [75]. A study
by [76] found that when farmers perceive the rainfall to be getting less and unstably low they tend
to adopt WCTs more. The study of [77] states that if rainfall instability is a continuing concern then
farmers may adopt WCTs less. The perception of wealth, personal and household, is included to be an
important variable for adoption decisions in developing countries [39]. Wealthy farmers may focus on
other income-generating activities and they may give less attention to WCTs [78]. No studies have
explored the impact of the farmers perception of his or her household food security on the adoption of
WCTs. The studies of [30,79] discuss the role of household food security on adoption, but do not relate
it to farmer perceptions.
3. Materials and Methods
3.1. Study Area and Data Collection
Two districts in Tanzania, Morogoro and Dodoma (Figure 1), were selected because of having the
highest rates of food insecurity in Tanzania, 38% for Dodoma and 34% for Morogoro [80]. The two
regions also vary in their topography and environmental conditions. Morogoro has a semi-humid
climate with an annual rainfall of 600–800 mm. The region is diverse with flat plains, highlands, and
dry alluvial valleys. The main crops are maize, sorghum, legumes, and rice, with partial livestock
integration. Dodoma is the semi-arid region with an annual rainfall of 350–500 mm and mostly small
hills and flat plains. The main crops are sorghum and millet, with extensive livestock integration [81].
Low yields and frequent crop failures due to climate change and limited use of agricultural technologies
are reoccurring issues [82].
Figure 1. Map of Tanzania, showing the case study regions of Morogoro and Dodoma.
Data was collected as part of a larger survey carried out by the TRANSEC project [83] and
analyzed using Stata IC 15.1. The questionnaire covered a wide range of issues including information on
individual, household, and socio-economic background. Agricultural systems and farmer perceptions
of climate change, their own household, and adaptation measures were also included. A total of
900 households were randomly selected in the Dodoma and Morogoro regions in rural Tanzania in
2016 [83]. Household heads were interviewed face to face and were all smallholder farms (under 2 ha).
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Some respondents did not answer all of the questions; therefore, only 701 datasets, where full
information for all relevant variables for this study was available, were used. The group consisted of
329 farmers from Morogoro and 372 farmers from Dodoma, of which 542 were males and 159 were
females. The average household size was 5 people. A comparison of the data analyzed to the excluded
data showed no significant difference between the included and excluded datasets with respect to these
key variables (age, gender, health, education). Thus, it was appropriately assumed that no systematic
bias exists and that the included datasets remain representative of the larger sample.
3.2. Model Selection and Adequacy
Opting for the best fit, a logit model (regression) was used to analyze the adoption of WCTs in
Tanzania. The logit model allows for the outcome to have a binary value (i.e., adoption happens or it
does not (1 or 0)) [84]. In this study, farmers were classified as adopters and non-adopters of WCTs.
A value of 1 was assigned to farmers that adopted WCTs and 0 to non-adopters. Hence, for our case
the logit model had the obvious advantage and suited the research objectives. Two automated variable
selections were done using the backward and forward method. Independent variables were added
and removed one by one until all the independent variables included in the model were found to be
significant. Both forward and backward selection methods resulted in the same set of variables to be
included in the model. Hence the model is well specified. To estimate the goodness-of-fit we used the
Hosmer–Lemeshow test. The p-value for our model is 0.6216 and; therefore, adequately fits the data.
The rate of correct classification is estimated to be 85.73%
3.3. Empirical Model Specification
The probability that a WCT will be adopted is defined as,
Logit(Y) = α + Σβ1X1 + Σβ2 X2 . . . + Σβn Xn + εi.
Here adoption, “Y”, is a dummy and dependent variable indicating the decision to adopt or
not. Y = dependent variable (adoption of water conservation measures), with 1 = adopters and
0 = non-adopter; α = intercept; β1, . . . , βn = coefficients of the independent variables indicating the
influence of these variables on the likelihood of adoption; X1, . . . , X19 = the independent variables.
Appendix B gives the definition and summary statistics of all the independent variables (X1 to X19).
3.4. Variable Specification and Expected Outcomes
A range of individual, household, socio-economic, and farmer perception related variables were
selected from literature to be included in the analysis (Appendix B). Variables such as education, loans
(taken and given), and perception of personal wealth were found to be collinear to the ability to read
and write, savings, and perception of household wealth, respectively, hence they were excluded from
the analysis. The land owned and farm size was found to be homogenous (average was 0.97 ha), hence
excluded from the analysis.
The expected effects of the independent variables included in the logit model for the adoption of
WCTs by households are discussed and summarized in Table 1.
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Table 1. The expected relationship between adoption of water conservation technologies (WCTs) and
all independent variables.
Symbol Variables Hypothesis Expected Outcome References
Individual and Household
X1 Adopter’s age
Older farmers have traditional knowledge, experience, and a
better understanding of their farming systems, and are better
prepared for the adoption of WCTs. Hence, a positive
relationship between age and the adoption of WCTs is
expected.
Positive [36–38]
X2 Adopter’s health
A healthy adopter is more likely to have time, energy, and
money to invest in new innovations. Hence positively related
to the adoption of WCTs.
Positive [39]
X3
Gender of head of
household
Tanzania is primarily a patriarchal society, where the
decision-making power lies with the heads of households
who are mostly males. Female-led households face labor and
time constraints. Hence gender (female) is anticipated to be
negatively related to the adoption of WCTs.
Negative [40,41]
X4
Adopter’s ability to read
and write
The ability to read and write indicates a cognition level
capable of efficiently receiving, processing, and analyzing
information from various channels (media, internet). Hence,
we would expect a positive relationship between the ability to
read and write and the adoption of WCTs.
Positive [42–44]
X5
Adopter’s attitude
towards risk
Perceptibility towards risk would indicate curiosity and
interest in the unknown. Hence, the attitude towards risk
would be positively related to the adoption of WCTs.
Positive [46]
X6 Adopter’s region
Since Morogoro is a wet region, whereas Dodoma is a dry
region, the need for water conservation was expected to be
much higher in Dodoma due to scarcity.
Positive [39,47]
X7 Household size
Assumed that a larger household size will facilitate the
division of labor and better time management; hence
positively related to adoption of WCTs.
Positive [48–51]
X8 Household water usage
A high water consumption pattern would indicate more
demand for water and may result in scarcity; hence the
likelihood of adoption of WCTs is negative.
Negative [52]
Socio-Economic
X9
Membership in social
networks
In rural areas, social organizations have proved to benefit
farmers from any kinds of support, such as access to credit
and training from government institutions and NGOs. It
allows for exchange of knowledge, ideas, resource sharing,
and implementation strategies. Hence, being a member of a
farmers’ organization should increase the likelihood of the
adoption.
Positive [39,56–58,60,61]
X10 Access to micro-credits
Access to micro-credits would allow the adopter to access
money required for initial setups and adoption of new
innovation; hence positively related to the adoption of WTCs.
Positive [39]
X11 Access to public funds
Access to public funds and programs provides the adopter
with knowledge, network, training, and economic resources
for the adoption of WCTs.
Positive [39,52,62–64]
X12 Household savings
Having savings provide the adopter the security, the economic
resource needed for adoption of WCTs. Positive [39]
X13 Off-farm employment
Off-farm employment would indicate less labor for the farm;
hence negatively related to adoption of WCTs. Negative [52,69]
X14
Household income
fluctuation
Stability and low to nil fluctuation of household income
would allow the adopter more time and planning options;
hence positively related to the adoption of WCTs.
Positive [63,70]
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Table 1. Cont.
Symbol Variables Hypothesis Expected Outcome References
Farmer Perceptions
X15
Perception of change in
rainfall
“Some” rainfall although erratic maybe preferred to less or no
rainfall and that “consistent” rainfall may be preferred to less
rainfall and erratic rainfall; hence positively related to
adoption of WTCs.
Positive [76]
X16
Perception of climate
change
An adopter’s observation and recognition of a changing
climate would indicate an awareness of the negative
consequences of CC on poverty and food security. It affects
the intention to behave and the attitude towards the behavior,
in our case water conservation practices (theory of reasoned
action); hence a perception of climate change and environment
both would be positively related to adoption of WTCs.
Positive [73]
X17
Perception of change in
environment
An adopter’s observation and recognition of a changing
environment would indicate an awareness of the negative
consequences of degrading environment on poverty and food
security. It affects the intention to behave and the attitude
towards the behavior, in our case water conservation practices
(theory of reasoned action); hence a perception of climate
change and environment both would be positively related to
adoption of WTCs.
Positive [74,75]
X18
Perception of household
wealth
Better wealth status of the household would reflect a better
capacity to access, utilize and diversify input resources
needed for water conservation and positively related to
adoption of WCTs.
Positive [39,78]
X19
Perception of household
food security
Having a food secure household would allow the farmer to
think and invest in practices to enhance his food-value chain
system; hence positively related to the adoption of WCTs.
Positive [30,79]
4. Results
Although 98% of the respondents in the study believed that the climate is changing, the rate
of adoption of WCTs was at a low of 17.12%. Amongst the adopters of WCTs, 39% implemented
on-farm runoff water harvesting, 35% implemented rooftop rainwater harvesting, 18% implemented
micro-dams/surface water runoff collection, and 9% implemented diversion of water (spate irrigation).
On-farm runoff water harvesting and rooftop rainwater harvesting were the most adopted WCTs.
Whereas, the adoption of spate irrigation was found to be the most limited WCT.
Out of all the variables analyzed, the study finds six variables to have a significant impact on the
adoption of WCTs in Tanzania. These are one individual and household variable—the gender of the
head of household; two socio-economic variables—membership in social organizations and access to
public funds; and three farmer perceptions related variables—farmer perception of change in rainfall,
household wealth, and food security. This study finds that using a wide dataset to comprehensively
study the adoption process of WCTs by smallholder farmers is useful. The results show that all,
individual, household, socio-economic, and farmer perceptions factors are important to explain the
adoption process of WCTs in the study region. Interestingly, of the six significant variables, we find
three variables (50%) to be related to farmer perceptions. This strongly suggests that the perceptions of
the farmers’ largely shape their adoption decisions and that a failure to consider the characteristics of
the household and environment as perceived by the adopters (farmers) themselves may significantly
hinder the adoption of WCTs.
The results of the logit model (Table 2) further show that the individual, household, socio-economic,
and farmer perceptions related variables affect the adoption of WCTs differently. In line with the
expected outcomes (Table 1), the study finds that women-led households have a lower likelihood of
adoption of WCTs and those farmers who have access to social networks and public funds have a
higher likelihood of adopting WCTs. In contrast to the expected outcome (Table 1), the study finds
that a farmer’s perception of rainfall instability has a significant negative influence on the adoption
of WCTs. Whereas, a positive perception of household wealth and food security by the farmer has a
significant positive influence on the adoption of WCTs, as expected.
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Table 2. Results of the logit model for the adoption of WCTs in Tanzania. Only the significant variables
are shown.
Significant Independent Variables Coefficient p-Value Significance
Individual and Household
Gender of head of household—female −0.570 0.071 *
Socio-Economic
Membership in social network—yes 2.065 0.000 ***
Access to public funds—yes 1.298 0.000 ***
Farmer Perceptions
Perception of change in rainfall—more Erratic −0.789 0.002 ***
Perception of change in rainfall—no change −2.317 0.003 ***
Perception of household wealth—better off 0.474 0.081 *
Perception of household food security—secure 0.626 0.012 **
Hosmer–Lemeshow test ˆ 0.6216
Pseudo R-squared 0.2500
Prediction statistics (correctly classified) 85.73%
ˆ if the value is less than 0.05, the model is a poor fit; *** Significant at p < 0.01 (99%); ** Significant at p < 0.05 (95%); *
Significant at p < 0.1 (90%) level.
The study finds no statistically significance for the individual and household variables related to
adopter’s age, health, ability to read and write, attitude towards risk, region, household size, household
water usage, and adoption of WCTs in the study region. The same was found for socio-economic
variables, such as access to microcredits, savings, off-farm employment, and household income
fluctuations. Similarly, the farmers perception and recognition of the changing climate and environment
has no statistical significance for the adoption of WCTs. Based on the literature review and general
characteristics of the case study region we were expecting a positive (except household water usage
and off-farm employment) relationship between these variables and the adoption of WCTs. However
this was not observed in the sample analyzed.
In the next section, the six variables (factors) found to be significant for the adoption of WCTs in
the case study region are discussed.
4.1. Individual and Household
Gender of Head of Household
Households with a female head are less likely to adopt WCTs as compared to households
with male heads. We find that the WCTs in the case study region are labor intensive and need a
sufficient input of time, which largely differs for males and females—the decision to spend time
on activities related to conserving water vs. household activities. The labor and time constraint,
hence, effects the relative advantage and compatibility of the WCTs with existing family and farming
structures [22,85–87]. Several studies have investigated the association of the gender of the head of
household and adoption. Most studies suggest that male-headed households are more likely to adopt
new agricultural technologies compared to female-headed households [40,41]. In the study of [40]
about improved maize technology in Ghana, they distinguish between the gender of the farmer and the
gender of the head of the household. They find that the gender variable does not have any explanatory
power regarding the decision to adopt, but the females living in female-headed households adopt at a
lower rate than individuals in male-headed households. A study by [88], regarding peanut production
in Eastern Uganda, finds that females living in female-headed households are less likely to adopt new
varieties than females or males living in male-headed households. Their decision to adopt is affected
by the available labor and time constraints.
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4.2. Socio-Economic
4.2.1. Membership in Social Network
The study finds that farmers who are part of a social network are more likely to adopt WCTs than
farmers who are not part of social networks. Social networks enable the sharing of information, thus
making the complexity of the WCTs more manageable and highlighting the benefits of conservation
behavior [85,86]. Consistent with previous studies [39,56–58], membership in social networks is useful
in explaining the adoption decision of WCTs. The study by [17] finds that farmers who are part of
a group are more likely to adopt soil and WCTs in Tanzania. The authors suggest that membership
in farmer groups and contact with extension agents positively influences the adoption of WCTs in
Tanzania. The study of [60] finds that being part of a group enhances social networking, which in
turn facilitates the sharing of experiences and building confidence in those farmers interested in the
agricultural technologies [61].
4.2.2. Access to Public Funds
Farmers who have access to public programs and funds are more likely to adopt WCTs. We find
that access to public funds and programs facilitate the initial adoption, provide for an information
exchange network and institutional support. The public programs and funds provide economic
support and may be used to shape attitudes towards adoption of WCTs. For example, public programs
and funds, which support smallholder financing, can be an important adoption driver to overcome
wealth constraints to investment in new technologies [62]. Once the initial adoption process is carried
out, the understanding of the expected outcomes and benefits [22,85–87], of a WCT may become
evident. Access to public programs or funds also indicates the motive of the government towards
the farmers [89]. Similar to the findings of this study, [52,63,64] find that public programs can play
a positive role in creating incentives for adoption. Studies by [90] in Ghana and [78] highlight the
significance of financial inputs for the adoption of WCTs by smallholder farmers.
4.3. Farmer Perceptions
4.3.1. Perception of Change in Rainfall
Contrary to our hypothesis, when a farmer perceives that the rainfall is stagnant and/or getting
more erratic (unclear onset and ending of rains), meaning that the regularity of rainfall is uncertain,
they are less likely to adopt WCTs. It was assumed that an element of uncertainty would encourage
the farmer to prepare for potential shocks; however, this was not the case. We find that if the farmers
perceive that rainfall (water) is getting scarce then the efforts to conserve water decrease. We find that
conservation behavior is hampered when the resource available is limited, that is, there is no water
to conserve. Uncertainty in the future leads to a diversion from conservation actions due to a low
perceived benefits [85,86]. In contrast a study by [76] in Ethiopia found a positive association between
farmer perception of low and erratic rainfall and adoption of WCTs. In a study in Tanzania, [77]
outlines that when farmers experience unreliable rainfall as a constant, they may become habituated
and; therefore, not perceive the risk as urgent or immediate.
4.3.2. Perception of Household Wealth Status
Farmers whose household wealth status is better off than last year, and as compared to the rest
of the village, are more likely to adopt WCTs. Perception of a better household wealth status reflects
a better capacity to access, utilize, and diversify input resources needed for the adoption of WCTs.
It leads to a sense of economic security which facilitates the investment and learning about the benefits
of WCTs [22,85–87]. Similar to [39], we find that a perception of household wealth positively influences
the adoption process of WCTs. While we found no other studies investigating adoption and the
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perceptions related to wealth, we did find two studies by [56,91] who reported a positive influence of
wealth on adoption in Tanzania and Ethiopia, respectively.
Other studies in Chile [52] and Ethiopia [92] have found that wealthier farmers were able to take
on greater levels of risk, which gave them an advantage as adopters. In contrast, [77] finds that the
wealthier farmers in Tanzania have more options to deal with water scarcity and low yields, which
may make the issues of water conservation less important for them.
4.3.3. Perception of Household Food Security
Farmers who perceive their household to be food secure are more likely to adopt WCTs as
compared to farmers who think they are food insecure. This is perhaps because enough food for the
household members reflects a sufficient livelihood, which allows the farmer time and resources to test
and understand the benefits of adopting WCTs. This, in turn, would form the behavior without the
presence of significant stressors like food insecurity [22,85–87]. The impact of adoption of WCTs on
food security has been studied extensively; however, no studies have explored the impact of farmer
perception of household food security on the adoption of WCTs. The studies of [71,79] argue that
stressors, such as food scarcity, have a negative impact on the adoption decision. Food insecure
households must focus their efforts on coping strategies, rather than on conservation [93].
5. Conclusions
The study presents a model for the adoption of WCTs by smallholder farmers in Tanzania, based
on data collected from 701 smallholder farmer households, and discusses the most significant factors
that influence the adoption decisions of the farmers.
The adoption of WCTs in the case study area was at a low of 17% and emphasizes the urgency to
comprehensively study adoption processes at the smallholder farmer household level.
The adoption of WCTs by smallholder farmer households in Tanzania can be effectively explained
by integrating individual, household, socio-economic, and farmer perceptions related variables.
The study finds that an integrated approach to study the adoption of WCTs better explains the adoption
decisions, opportunities, and constraints that farmers face at the household level and allows for
targeted agricultural management at the household level.
In order to ensure food and livelihood security for the most vulnerable, agriculture and policy
interventions should better address gender-based disparities, such as labor and time constraints
associated with adoption of WCTs. Furthermore, agriculture and policy interventions should aim to
better reach, include, and integrate those farmers that are left behind (e.g., farmer’s with no ties to
social networks and farmer’s with no access to public funds).
How farmers perceive the changes in rainfall, their household economy, and food security situation
significantly influences their adoption decisions. Therefore, agriculture and policy interventions should
emphasize the importance of adoption of WCTs in times when the farmers perceive the rainfall to be
uncertain or scarce. Furthermore, agriculture and policy interventions should highlight the economic
and food security related benefits that come from adoption of WCTs. The study provides evidence
and determines that farmer perceptions are fundamental to studying and developing a well-targeted
agricultural strategy at the household level; therefore, they should be included in adoption studies and
further investigated. The study is limited by its scope, which focuses only on the determinants and not
the effects of adoption of WCTs.
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Appendix A
Types of WCTs used by the farmers and definitions.
1. Rooftop RWH involves three primary components: catchment, conveyance, and a collection
device. The catchment is the rooftop where rainwater falls naturally. Rainwater drains down the
slanted rooftop to the conveyance instruments, or gutters, at the base of the roof. These gutters
transport the water from the rooftop to the collection device or storage tank [94].
2. Micro-dam surface water runoff harvesting is the collection of runoff (signifies the water running
off surfaces on which rain has directly fallen) on small (∼1–1000 m2) treated catchments to channel
it to a storage pit, adjacent cropping areas, or individual plants. The catchments are either
modified by some kind of special tillage technique, earthen embankments, or masonry walls [94].
3. On-farm runoff water harvesting is the collection of runoff on a small catchment area to channel it
using furrows to a planting pit for on-farm irrigation use. Furrows refer to a micro-catchment
harvesting technique in which the rainfall water is harvested through the mulched ridges and the
crop is planted in the furrows between the ridges [95]. Planting pits refer to ditches dug on farm
with hand-hoe, to a depth exceeding 15 cm, with no soil disturbance in between [96].
4. Spate irrigation has been defined as a system diverting flash floods from the riverbed via canals
to fields that may be located some distance from the water source. The word “spate” refers to
flood water originating from episodic rainfall in the upper part of river catchments, which in the
lower part is diverted from ephemeral rivers and spread over agricultural land [97].
Appendix B
Definition and statistical summary of all the independent variables used in the logit model for
household adoption of WCTs in Tanzania using 701 observations
Symbol Variables Survey Question Variable Type Mean or Proportion
Individual and Household
X1 Adopter’s age Age? Continuous, 22 to 99 50.81
X2 Adopter’s health status How healthy is adopter?
Categorical, 1 = Sick,
2 = Can manage,
3 = Healthy
Sick = 0.05,
Can manage = 0.15, Health
= 0.80
X3
Gender of head of
household
Gender?
Categorical, 0 = Male,
1 = Female
Male = 0.77,
Female = 0.23
X4
Adopter’s Ability to read
and write
Can the primary adopter
read and write?
Binary, 0 = Cannot read and
write,
1 = Can read and write
No = 0.33,
Yes = 0.67
X5
Adopter’s risk taking
attitude
Risk attitude (0: unwilling to
take risk, 3: fully prepared to
take risks)
Ordinal, 1 = Low,
2 = Medium,
3 = High
Low = 0.22,
Medium = 0.50,
High = 0.28
X6 Adopter’s Region
Which region of Tanzania
does the respondent live and
farm in?
Categorical, 1 = Morogoro,
2 = Dodoma
Morogoro = 0.47,
Dodoma = 0.53
X7 Household size Household nucleus size? Continuous, 0 to 10 4.59
X8 Household water usage
Daily water use per
household in liter?
Continuous, 4 to 200 70.06
Water 2019, 11, 2640 13 of 18
Symbol Variables Survey Question Variable Type Mean or Proportion
Socio-Economic
X9
Membership in social
and or political
organizations
Member in
organizations/committees/and
political parties?
Binary, 0 = Not a member,
1 = Yes, a member
No = 0.56,
Yes = 0.44
X10 Access to microcredit
Is anyone in the household
member of a
micro-credit group?
Binary, 0 = Has no access to
microcredit,
1 = Has access to microcredit
No = 0.91,
Yes = 0.09
X11 Access to public funds
Has any of household
received public transfers
(cash/in-kind) in ref. period?
Binary, 0 = Has no access to
public funds,
1 = Has access to
public funds
No = 0.72,
Yes = 0.28
X12 Household savings Do you have any savings?
Binary, 0 = Has no savings,
1 = Has savings
No = 0.23,
Yes = 0.77
X13 Off farm employment
Anyone in household
engaged in non-farm
self-employment in ref.
period?
Binary, 0 = No,
1 = Yes
No = 0.64,
Yes = 0.36
X14
Household income
fluctuation
How much did your
household income fluctuate
in 3 years?
Ordinal, 1 = Yes a bit,
2 = Not at all,
3 = Yes a lot
Yes a bit = 0.34,
Not at all = 0.11,
Yes a lot = 0.55
Farmer Perceptions
X15
Perception of change in
rainfall
Change in rainfall pattern
last 3 years?
Continuous, 1 = Less rain,
2 = More erratic,
3 = No change,
4 = More rain
Less = 0.38,
Erratic = 0.40,
No change = 0.13, More =
0.10
X16
Perception of climate
change
Do you think the climate
(weather) in general has
been changing in the past
20 years?
Binary, 0 = Climate is
not changing,
1 = Yes, climate is changing
No = 0.02,
Yes = 0.98
X17
Perception of
environmental change
Do you think, your
environment has changed in
past 20 years?
Binary, 0 = Environment is
not changing,
1 = Yes, environment
is changing
No = 0.08,
Yes = 0.92
X18
Perception of household
wealth status
Do you think your
household is better off than
last year?
Ordinal, 1 = Worse off, 2 =
Same, 3 = Better off
Worse = 0.51, Same = 0.21,
Better = 0.28
X19
Perception of household
food security
Do you consider your
household being
“food secure”?
Binary, 0 = Not food secure,
1 = Yes, food secure
No = 0.52,
Yes = 0.48
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